Closed chest catheter desiccation of the atrioventricular junction using radiofrequency energy—A new method of catheter ablation  by Huang, Shoei K. et al.
JACC Vol. 'I. No.2
February I'iS7:34'i-SS
EXPERIMENTAL STUDIES
Closed Chest Catheter Desiccation of the Atrioventricular Junction
Using Radiofrequency Energy-A New Method of Catheter Ablation
SHOEI K. HUANG, MD, FACC,* SAROJA BHARATL MD, FACC,t ANNA R. GRAHAM, MD,t
MAURICE LEV, MD, FACC,t FRANK I. MARCUS, MD, FACC,* ROGER C. ODELL, BSEE§
TUCSO/l, Arizona , Browns Mills, New Jersev and Boulder, Colorado
349
Closed chest catheter ablation of the atrioventricular
(AV) junction has been performed with direct current
or laser energy. The effect of 750 kHz radiofrequency
energy on ablation of the AV junction was evaluated in
13 dogs. The radiofrequency energy was generated from
an electrosurgical generator in the bipolar mode. The
radiofrequency output was delivered between two distal
electrodes (bipolar ablation) in eight dogs, and between
the distal electrode and an external patch electrode (uni-
polar ablation) in another five dogs at varying power
(watts) but with a constant pulse duration of to seconds.
Complete AV block was achieved in II dogs and sec-
ond degree AV block in 2. During the 4 to 7 day follow-
up period, complete AV block persisted in 9 of the II
dogs with initial complete heart block. The other two
had return of AV conduction; one had persistent 2 : I AV
block and the other had persistent first degree AV block.
Of the two dogs with initial second degree AV block,
one developed complete AV block, the other had re-
sumption of I : I AV conduction with a normal PR in-
terval. Energy was delivered in I to 13 applications per
Interruption of atrioventricular (AV) conduction is thera-
peutic for a selected group of patients who have recurrent
supraventricular tachyarrhythmias that are unresponsive to
drug therapy. Until recently. interruption of AV conduction
could be done only as an open chest procedure (1-3). The
AV node or the His bundle was then incised or ablated by
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dog. One hundred to 700 J per application was delivered
with bipolar ablation and 10 to 100 J with unipolar
ablation. There was no damage to the catheter unless
the catheter was repeatedly used in excess of 1,500 J of
total energy. Ventricular arrhythmias were not ob-
served. Pathologic examination showed well delineated
coagulation necrosis at the AV junction without sur-
rounding hemorrhage or mural thrombus. Microscopic
findings consisted of necrosis with cell Infiltration in the
periphery of necrosis. Most injuries involved the AV
node, the approaches to the AV node and the penetrating
bundle.
In conclusion, catheter ablation of the AV junction
with radiofrequency energy is safe. It can effectively
induce discrete areas of necrosis and produce various
degrees of AV block. In addition, ablation by radio-
frequency energy has distinct advantages as compared
with catheter ablation with direct current or laser en-
ergy.
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cryosurgery (4) or by injection of caustic substances (5).
Several recent studies have shown that closed chest ablation
of the AV junction is feasible (6-10). Gonzalez et al. (9)
successfully created complete heart block in dogs using
direct current (DC) energy delivered through an electrode
catheter. Subsequently, this technique has been successfully
applied in humans (11.12). Recently. Narula et al. (13,14)
achieved His bundle ablation in dogs with an argon laser
directed through a catheter. The purpose of this study is to
explore the use of radiofrequency energy to achieve AV
block by way of focal desiccation of the AV junction using
an electrode catheter.
Methods
Radiofrequency generator. The radiofrequency output
was generated from an electrosurgical generator(model SSE4,
Valleylab). The generator delivers a 750 kHz continuous
07 .\s~ IO'i7/X7/$3.SO
350 HUANG ET AL.
ABLATION BY RADIOFREQUENCY ENERGY
JACC Vol. 9. No.2
February 1997:J49-5g
,\ / IIi I\ :V \JV
Figure I. Radiofrequency waveform from a bipolaroutputof the
radiofrequency generator. It shows a 750 kHz frequency sinusoid
unmodulated waveform.
sinusoidal unmodulated waveform in the "standard" bipolar
mode (Fig. I). In this mode, the radiofrequency power
(watts) is delivered to an assumed tissue impedance or load
of 100 n. Above 100 n, the power output decreases on a
curve proportional to I/R (R = impedance in ohms). Power
output functions from about 25 to about 200 n of tissue
impedance. In this mode, radiofrequency energy causes de-
siccation of tissue by creating a localized area of heat that
drives water out of the tissue and results in coagulation
necrosis. The bipolar output is designed to deliver large
currents to areas of low resistance such as moist tissue when
the electrode is in firm contact with the tissue. The pulse
duration was controlled by a digital timer (model Gralab
450, Dimeo Gray Co.). The output was connected to a
calibrated two channel recorder (Gould. model 2200) to
record outputs of current (I) and voltage (V) waveforms.
Because the current and voltage waveforms are rectangular
or nearly rectangular, actual power (watts) was then cal-
culated by the product of I and V (I x V). The calculated
delivered energy (joules) was the product of power (watts)
and pulse duration (seconds).
Procedure. Thirteen adult mongrel dogs weighing 16to
23 kg were studied. Each dog was given an intramuscular
injection of morphine (3 to 5 mg/kg body weight) and then
intubated. General anesthesia was maintained with 1.0 to
1.5% halothane using an assisted ventilator. In the initial
eight dogs (group A) undergoing bipolar electrode catheter
ablation, a 6F quadripolar USCI electrode catheter with a
5 mm interelectrode distance was inserted percutaneously
into a femoral vein and advanced under fluoroscopy to the
region of the His bundle. For the remaining five dogs (group
B) undergoing unipolar electrode catheter ablation, a 7F
tripolar USCI electrode catheter with a 10mm interelectrode
distance was used for His bundle recording and ablation.
Unipolar ablation was performed later to determine whether
it would be as effective as bipolar ablation and whether it
would create a different sort of lesion. To enhance the ability
of recording a large His bundle potential. and to assure a
better electrode contact with the tissue, a 6F quadripolar
USCI electrode catheter with a stylet and a 5 mm intere-
lectrode distance was used in three dogs in group A and in
two dogs in group B. In all studies, a bipolar 6F temporary
pacing cathetet was inserted percutaneously into a femoral
vein and placed in the right ventricular apex for standby
ventricular pacing. Another 6F quadripolar USCI catheter
was inserted percutaneously into a femoral vein and placed
in the high right atrium for atrial stimulation and recording
of atrial activity.
The His bundle catheter was manipulated until the max-
imal amplitude of the His bundle potential was recorded
between the two distal electrodes (Fig. 2A). All the intra-
cardiac bipolar electrograms were filtered to pass 30 to 1,000
Hz and were displayed on a VR-6 E for M (Electronics for
Medicine) oscil\oscope and recorded on a Siemens-Elema
Mingograf-81 strip chart recorder. A unipolar recording of
the His bundle electrogram from the distal electrode was
also utilized to assist in identifying the maximal His am-
plitude (Fig. 2A).
Before ablation, a recording was obtained of the surface
electrocardiogram (limb lead II) together with the AH and
HV intervals from the His bundle electrogram during sinus
rhythm (Fig. 2A). In addition, AV node Wenckebach cycle
length was recorded during incremental atrial pacing and
AV node effective refractory periods were obtained with an
atrial extrastimulus at a driven atrial pacing cycle length
(SIS2).
During ablation with bipolar electrodes (group A), ra-
diofrequency energy was introduced between the two distal
electrodes of a His bundle catheter through an adaptor con-
nected to the standard bipolar output of the radiofrequency
generator SSE4. Increments of energy were obtained by
varying power while keeping pulse duration constant at 10
seconds. The power setting and pulse duration for bipolar
ablation were chosen on the basis of data from an in vitro
beef heart study (15). Thus, the radiofrequency energy was
given in increments of 10 W x 10 seconds, 20 W x 10
seconds, 30 W x 10 seconds and 70 W x 10 seconds
maximally, or until second degree or complete AV block
was achieved.
For ablation with a unipolar electrode (group B), ra-
diofrequency energy was delivered between the distal pole
of the His bundle catheter and an external adhesive patch
electrode (Scotchplate 1149C, 3M, with a surface area of
18 x 8 crrr') firmly attached to the left lateral chest wall
of the dog. The radiofrequency energy using the same stand-
ard bipolar output was given in increments starting at I W
x 10seconds, 2 W x 10seconds, and 10W x 10seconds
maximally, or until second degree or complete AV block
was obtained.
Immediately after each application of energy and before
development of complete AV block. the AH and HV inter-
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Figure2. Dog 2. His bundle recordings before (A)
and after (B) His bundle ablation with radiofre-
quency energy _Note thelarge His bundle potentials
(H) and atrial (A) amplitudes recorded with either
bipolar or unipolar electrodes at different gain. After
ablation (B),complete AVblock was achieved with
a stable escape rhythm. The His bundle potential
could no longer be recorded. HBE = His bundle
electrogram; RA = right atrium; T = time line at
I second; V = ventricular activity; II = lead II
electrocardiogram.
V A V
vals, AV node Wenckebach cycle length and AV node ef-
fective refractory periods were measured as previously de-
scribed to observe the effects of ablation on the properties
of AV conduction.
Follow-up. After complete or second degree AV block
was induced in the dog, the electrocardiogram was observed
for at least 2 hours to determine the stability of the escape
rhythmand to look for tachyarrhythmias. If the escape rhythm
was inadequate. a permanent programmable VVI pacemaker
was implanted subcutaneously in the right side of the neck.
The pacemaker lead was introduced into the right external
jugular vein by a cutdown and the tip of the lead placed in
the right ventricular apex under fluoroscopy. The demand
pacing rate was set at 90/min. An intracardiac His bundle
electrogram was recorded 2 hours after the ablative pro-
cedure (Fig. 2B). The electrocardiogram was monitored
daily for 30 to 60 minutes and a rhythm strip was obtained
daily for 4 to 7 days after ablation.
Catheter testing. Before and after all ablation proce-
dures. in vitro lead testing was done to evaluate the integrity
of the catheters using methods similar to those described by
Fisher et al. (16). The resistance of each electrode was
checked with an ohmmeter (Triplett. model 630-L). The
capacitance and the breakdown voltage between electrodes
were evaluated with a capacitor-inductor analyzer (Sencorc,
model LC 53).
Pathologic examination, The eight dogs in group A and
one of the five dogs in group B were killed 4 to 7 days after
the procedure to observe the acute pathologic changes. Dogs
10 to 13 (Table 2) were killed 2 months after ablation. The
heart was examined grossly and microscopically. The size
of injury was measured by the length and width (rnm) of
tissue injury as well as the depth (mm) of deepest tissue
necrosis. The conduction system of three dogs was studied
histologically (Dogs 2 and 8 in Table I and Dog 9 in Ta-
ble 2).
Conduction system studies of the three dogs. The ap-
proaches to the AV node and the AV bundle up to the
bifurcation, and the bundle branches up to the level of the
moderator band, were serially sectioned and every 10th
section was retained in all three dogs. Alternate sections
were stained with hematoxylin-eosin and Weigert-van Gie-
son stains. In this manner. a total of 598 sections from Dog
2, 972 sections from Dog 8 and 620 sections from Dog 9
were examined (Tables I and 2).
Results
Atrioventricular block immediately after ablation.
Complete AV block was achieved in six (75%) of the eight
dogs in group A with ablation between the two adjacent
poles of the catheter, and in all five dogs in group B with
ablation between the catheter tip and an external patch elec-
trode. Second degree AV block was achieved in two of the
eight dogs in group A, one with constant 2: I AV block. the
other with Wenckebach AV block. The His bundle electro-
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Table 1. Summary of Radiofrequency Energy Delivered and the Results of Ablation Including Pathologic Findings in Eight Dogs of
Group A (bipolar electrode catheter)
Heart Rhythm No. of
Total Energy (J ) Dimensions of Necrosis (rnrn)
Dog Immediately After 4 to 7 Days After Applications Dial Actual
No. Ablation Ablation of Energy Settings Delivered Length Width Depth
Complete AVB Sinus. lOAVB 5 1.200 786 8 5 2.5
~ * Complete AVB Complete AVB and 10 3.900 2.080 15 8 3.5
wide QRS
escape
3 2: 1 AVB Complete AVB and 4 900 695 6 5.5 2.5
narrow QRS
escape
4 Complete AVB Complete AVB and 2 300 213 14 7 4.0
narrow QRS
escape
5 Complete AVB Complete AVB and 3 500 352 II 5 3.0
narrow QRS
escape
6 Complete AVB Complete AVB and 5 700 478 II 4 2.5
narrow QRS
escape
7 Wenckebach AVB Sinus. normal PR 8 1.100 552 10 5 2.0
8* Complete AVB Complete AVB and 4 500 365 15 5 3.0
narrow QRS
escape
*The conduction system was studied in these dogs. AVB = atrioventricular block.
gram, recorded within 2 hours after ablation, showed that
the site of block was supra-His in dogs with partial AV
block, and that His bundle activity was absent in dogs with
complete AV block.
The number ofappli cations ofenergy per dog to achieve
AV block ranged from 2 to 10 (average 5) in group A, and
from 1 to 13 (average 8) in group B (Tables I and 2). The
time intervalbetweeneach successive application was about
10 to 15 minutes. There were no consistent or predictable
changes in the AH and HV intervals, AV node Wenckebach
cycle length or AV node effective refractory period after
each energy delivery at incremental delivered energy before
the onset of AV block. In group A. the total energy setting
per dog to accomplish AV block varied from 500 to 3,900
J (mea n 1.138 ± 432) . The total ca lculated actual deli vered
energy per dog was 690 ± 215 J (range 213 to 2,080) . In
Table 2. Summary of Radiofrequency Energy Delivered and the Results of Ablation Including Pathologic Findings in Five Dogs of
Group B (unipolar electrode catheter)
Heart Rhythm
No. of
Total Energy (J) Dimensions of Necrosis (rnrn)
Dog Immediately 4 to 7 Days After Applications Dial Actual
No. After Ablation Ablation of Energy Seuings Delivered Length Width Depth
9* Complete AVB Complete AVB and 50 47 4 4 2.0
narrow QRS
escape
10 Complete AVB 2: 1 AVBand 13 700 627 10 8 2.5
narrow QRS
II Complete AVB Complete AVB and 12 850 782 5 5 2.0
narrow QRS
escape
12 Complete AVB Complete AVB and 5 300 288 )() 8 3.0
narrow QRS
escape
13 Complete AVB Complete AVB and 7 370 363 )() 10 4.0
narrow QRS
escape
*The conduction system was studied in this dog. Death was induced in Dogs 10 to 13 two months after ablation. Abbreviations as in Table I.
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group B, the total energy setting and actual delivered energy
per dog were 454 ± 136 J (range 50 to 850) and 42\ ±
128 J (range 47 to 782), respectively.
Follow-up. During the short-term follow-up of 4 to 7
days, five of the six dogs with initial complete AV block
in group A and four of the five dogs in group B continued
to have this rhythm. Of these nine dogs with persistent
complete AV block, eight had an adequate escape rhythm
with a narrow QRS complex at a rate of 43 to 62/min: the
other dog had an escape rhythm with a wide QRS complex
at a rate of 25/min and required a permanent pacemaker.
One other dog in group A with initial complete AV block
had return of AV conduction on the day after ablation. This
dog, however. had persistent first degree AV block (PR
interval = 0.32 second) until induced death. Another dog
in group B with initial complete AV block developed per-
sistent 2 : 1 supra-His AV block at 45 minutes after ablation
(Fig. 3) .
Of the two dogs in group A in which second degree AV
block was induced, one with 2: I AV block progressed to
complete AV block with a narrow QRS escape rhythm on
the second day after the procedure. The other dog. which
developed Wenckebach AV block. later had resumption of
I : \ AV conduction with a normal PR interval on the sixth
day after ablation (Tables I and 2).
Arrhythmias and other complications. No complica-
tions were noted during radiofrequency ablation. None of
the dogs died until death was induced. Neither ventricular
fibrillation nor ventricular tachycardia was observed in any
dog during application of radiofrequency energy. In addi-
tion, ventricular ectopic activity was not seen during the 2
hour monitoring period immediately after ablation or during
subsequent daily short-term electrocardiographic monitor-
ing.
Catheters. Eleven electrode catheters were used in the
eight dogs in group A and seven catheters in the five dogs
in group B. The catheters were used repeatedly in different
dogs because it was determined that the integrity of the
catheter was preserved after the previous ablation procedure.
On gross inspection. there was no pitting or internal arcing
of electrodes or sheath breakdown in any catheter. Coag-
ulation of blood was seen occasionally at the electrode tip,
especially with repeated catheter use at the higher power
settings ( ~30 W). When catheters were checked in vitro
with an ohmmeter and a capacitor-inductor analyzer. we
found changes in resistance or capacitance, or breakdown
voltagebetweenelectrodes in two of the eight 6F quadripolar
catheters (5 mm interelectrode distance), none of the five
7F tripolar catheters (10 mm spacing) and two of the five
6F quadripolar catheters with stylet (5 mm spacing). The
loss of electrode integrity occurred at either the distal elec-
trode or the proximal ring electrode, or both, regardless of
bipolaror unipolar ablation. The incidence of catheter break-
down appears to be proportional to the total delivered energy
per catheter. The incidence was high if the total energy
transmitted through the catheter with repeated use exceeded
1,500 J.
Gross pathologic findings. Gross inspection of the heart
revealed a well delineated area of coagulation necrosis at
the AV junction. The shape of necrosis wasoblong or dumb-
bell when ablation was performed with two adjacent clec-
trodes (Fig. 4A). or nearly round (based on observation in
one dog) when energy was delivered between the distal
electrode and an external patch electrode (Fig. 4B). The
cross section of the lesion appeared to be a hemispherical
cap. corresponding to each electrode used for ablation. The
length. width and depth of necrosis are listed in Tables I
and 2. It is notable that there was a variable relation of total
energy delivered to the dimensions of necrosis. There was
no hemorrhage outside the lesion. Endocardial thrombus
was not observed at the site of ablation. The tricuspid valve
was not grossly injured. There was mild edema of the non-
coronary aortic cusp in one dog in group B. There was no
perforation of the atrial or ventricular septum. The prelim-
inary pathologic findings in the four dogs (Dogs 10 to 13)
studied 2 months after blation showed that the damaged area
was well demarcated and was replaced by granulation tissue
or cartilage. or both.
Microscopic findings of the conduction system. Dog
2. There was extensive mononuclear cell and neutrophil
infiltration and marked hemorrhage in the approaches to the
AV node. The atrial cells in this region showed coagulation
A T- - - - - - - - - - - - - - - - - - - - - - - -
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Figure 3. Dog 10. Electrocardio-
graphic (A) and His bundle recordings
(B) of persistent 2 : I AV block after
ablation. Note that the site of block is
proximal to the His bundle and the
QRS complex is narrow. Abbrevia-
tions as in Figure 2.
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II _ -----""c \~------ -~-
354 HUANG ET AL.
ABLATION BY RADIOFREQUENCY ENERGY
B
lACC Vol. 4. No.2
February 14X7:344-5X
Figure 4. Gross heart specimens. A, Dog 8. Right atrial view.
8, Dog 9. Right atrial view, C = coronary sinus; M = medial
leaflet of tricuspid valve; arrow points to lesion created by abla-
tion.
necrosis. The AV node was infiltrated with mononuclear
cells and neutrophils with hemorrhagic zones. The pene-
trating bundle showed increased eosinophilia. The cells of
the beginning of the left bundle branch also showed coag-
ulation necrosis. The spongiosa of the aortic and tricuspid
valve was vacuolated.
Dog 8. The approaches to the AV node showed extensive
infiltration with mononuclearcells, hemorrhage, dissolution
and necrosis of atrial myocardium, inflammation of nerves
and proliferationof fibroblasts. The inflammation proceeded
to the region of the AV node (Fig. 5) and extended to the
region of the beginningof the bundleof His. The penetrating
bundle showed fat cell deposition and moderate chronic
inflammation. The summit of the ventricular septum on the
right side showed chronic inflammation. The tricuspid valve
revealed increased vacuolizationof the basal spongiosa with
hemorrhage and chronic inflammation.
J
Figure 5. Dog 8. Microscopic sections. A, Approaches (AP) to the atrioven-
tricular (AV) node (N). The approaches and the node are hemorrhagic. Weigert-
van Gieson stain. 8, Penetrating bundle (arrows). The bundle is markedly
infiltrated with mononuclear cells. There is also fat identified. Hematoxylin-
eosin stain. CFB = central fibrous body: V = ventricular septum. Original
magnification x45 (A) and x 180 (8), both reduced by 35%.
CFB
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Dog 9. In the immediate approaches to the AV node,
there was hemorrhage with coagulation necrosis surrounded
by chronic inflammation. The proximal part of the AV node
showed chronic inflammation. The end of the AV node and
the beginning of the bundle of His were engulfed in hem-
orrhage and showed coagulation necrosis with a periphery
of chronic organizing inflammation (Fig. 6). Farther down.
the cells in the penetrating bundle were intact but infiltrated
with mononuclear cells. The intact branching bundle cells
showed degenerative changes, small zones of coagulation
necrosis and chronic inflammation. The right and left bundle
branches showed fibrosis. A large zone in the central fibrou s
body was vacuolated (Fig. 7A). There was an increase in
the spongiosa of the aortic valve and tricuspid valve (Fig.
7b). The summit of the ventricular septum showed focal
necrosis.
Discussion
This study demonstrates that variousdegrees of AV block
can be achieved in the closed chest dog with transcatheter
ablation of the AV junction using radiofrequency energy.
This type of energy produced focal discrete coagulation
necrosis of the endomyocardium. There were no compli-
Figure 6. Dog 9. Microscopic sections. A, End of atrioventricular
(AY) node (N) and the penetrating bundle (8 ). The end of the
node and the beginning of the penetrating bundle are replaced by
hemorrhage. Note the area of coagulation necrosis in the adjacent
atrial (A) musculature. and the increase and vacuolization of the
spongiosa of the tricuspid valve (TY). Hematoxylin-eosin stain.
B, Higher magnification of upper part of the bundle seen in A.
There is marked infiltration of mononuclear cells and red cells
with ghosts of bundle cells. Hematoxylin-eosin stain. Other ab-
breviations as in Figure 5.
cations at the time of ablation or during the short-term fol-
low-up.
Ablation withdirectcurrent energy. Catheter ablation
of the AV junction with direct current energy has been
investigated experimentally (9, 10) and used clinically
(11,12.17). The major advantage of catheter ablation of the
AV junction is that it does not require thoracotomy or open
heart surgery and the procedure can be repeated. There are
certain hazards associated with the use of direct current
energy for endocardial ablation. These hazards include the
induction of ventricular fibrillation (9,17 .18) and asystole,
high incidence of catheter damage (16), formation of en-
Figure 7. Dog 9. Microscopic sections. A, Central fibrous body
(CFB) showing area of vacuolization (V). Weigert-van Gieson
stain. B. Branching bundle (8 B) and left bundle branch (LBB).
These are intact. Note the marked increase and vacuolization of
the spongiosa of the aortic (AV) and tricuspid (TV) valves. AO
= Aorta; S = Spongiosa; V = Ventricular septum. Hematoxylin-
eosin stain. A, Original magnification x 45. reduced by 25%; B,
original magnification x 16. reduced by 25%.
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Figure 8. Dog 4. Low power view of histologic section of the
ablated lesion at the AVjunction. Note a well circumscribed hemi-
spheric coagulation necrosis separated with a sharp peripheralcon-
trast zone (arrows) from the normal tissue. Hematoxylin-eosin
stain. Original magnification x 16. reduced by 25%.
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docardial thrombi (19) and potential to induce transmural
necrosis with high energy shock (20). In addition. high
energy electrical shock causes fulguration and sparking at
the electrode-tissue interface, instantaneous elevation in in-
tracavitary pressure (21) and the release of gas from the
electrode that has the potential for embolization. The stan-
dard electrode catheter that is designed for diagnostic pur-
poses in electrophysiology may not withstand the high direct
current energy generally required to successfully ablate the
AV junction (17).
Ablation with laser energy. Recently. an alternative
method using laser photoablation of the AV junction was
studied in dogs (13.14). Although it is capable of inducing
discrete foci of ablation and altering AV conduction (14).
it can produce microcavitation (13.22) in the surrounding
healthy tissue with the potential for myocardial perforation
(13). In addition. this technique requires the use of a special
fiberoptic catheter and the instrumentation is costly.
Ablation with radiofrequency energy. Our study doc-
uments that radiofrequency energy can be used to produce
discrete areas of necrosis by desiccating the myocardial
tissue. When the bipolar output is used. sparking does not
occur. Complete AV block can be achieved by bipolar or
unipolar ablation using this technique. The reason that uni-
polar ablation attained a better result in this experiment is
not understood. It is possible that our technique was more
refi ned later with unipolar ablation in the group B dogs.
The maximal intracardiac voltage with radiofrequency en-
ergy is low. less than 110 V with bipolar ablation and less
than 40 V with unipolar ablation. With the radiofrequency
unit there is no anode or cathode because the radiofrequency
sine waves move forward and backward between the two
electrodes; hence. there is no need for synchronization to
the QRS complex at the time of energy application.
We found that transcatheter ablation using radiofre-
quency energy was safe. There were no ventricular tach-
yarrhythmias. asystole. or death associated with this pro-
cedure. Myocardial perforation. hemorrhage or microscopic
cavitation in the surrounding normal tissue was not noted.
Injury to the tricuspid and aortic valves and the central
fibrous body was present microscopically, but this also has
been found using laser and electric shock (13.2J .241. The
long-term effects of these histologic changes in the valves
are not known. There were no mural thrombi at the site of
ablation in this study. The necrosis is well demarcated with
a peripheral contrast zone of mononuclear cell infiltration
in the tissue specimen sacrificed 4 to 7 days after ablation
(Fig. 8). The same catheter can be used to record the His
bundle potential and induce ablation. We found that the
electrode catheters can withstand a cumulative energy of
about I.500 J. There was no catheter breakdown with the
regular USCI 7F catheters. but catheter damage was ob-
served with the 6F quadripolar electrode catheters with a
stylet or with the 6F catheters that had a 5 mm interelectrode
distance. Finally. the radiofrequency generator is not bulky
and is relatively inexpensive.
Conclusions. We have shown that catheter ablation of
the AV junction using radiofrequency energy is effective
and safe. It can produce various degrees of AV block and
a discrete area of necrosis at the site of ablation. In the
future . it may be possible to control the application of ra-
diotrequcncy energy to modify AV conduction rather than
totally ablate the AV conduction. If so. it would avoid the
implantation of a pacemaker. It appears that radiofrequency
energy has several advantages over direct current or laser
energy. We are currently exploring its potential 10 ablate
AV accessory pathways as well as its use for catheter abla-
tion of refractory ventricular tachycardia. Studieson a larger
number of dogs with longer follow-up are indicated.
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